Ligand binding sites of the ouabain-complexed (Na+ + K+)-ATPase.
To clarify the mechanism of inhibition of (Na+ + K+)-ATPase by cardiac glycosides, we tried to see if ouabain binding alters the properties of the binding sites for Na+, K+, and ATP. Ouabain was bound in the presence of either Na+ + MgATP or MgPi. Ligand-induced changes in the rate of release of ouabain from the two resulting complexes were used as signals to determine the affinities, the numbers, and the interactions of the ligand binding sites. Because the two complexes showed differences in the properties of their ligand binding sites, and since neither complex could be converted to the other, it is concluded that either the enzyme has two dissimilar but mutually exclusive ouabain sites or that it can be frozen in two distinct conformations by ouabain. The following ligand sites were identified on the two complexes: 1) two coexisting ATP sites (K0.5 values, 0.1 and 2 mM) representing altered states of the catalytic and the regulatory sites of the native enzyme; 2) mutually exclusive Na+ and K+ sites whose affinities (K0.5 values, 1.3 mM Na+ and 0.1 mM K+) suggested their identities with the high affinity uptake sites of the native enzyme; and 3) coexisting low affinity Na+ and K+ sites (K0.5 values, 0.2-0.6 M) representing either the discharge sites, or the regulatory sites, or the access channels of the native enzyme. The data suggest that the inability of the ouabain-complexed enzyme to participate in the normal reaction cycle is not because of its lack of ligand binding sites but most likely due to ouabain-induced disruptions of interprotomer site-site interactions.